Background and objectives Peritonitis is a well known complication of peritoneal dialysis (PD), whereas in hemodialysis (HD), bacteremia can be life threatening. Whether patients undergoing PD have higher risk than HD patients for infection-related hospitalizations (IRH) remains unknown.
Introduction
Long-term dialysis is associated with a high burden of morbidity necessitating frequent hospital admissions. In this population, infections are a common cause of hospitalizations and the second leading cause of death, after cardiovascular disease (1) (2) (3) (4) (5) (6) . Those admissions carry a high financial burden on health care systems, and the impact of infection is greater in the dialysis population than in the general population (3, 7) . Peritonitis is a well known complication of peritoneal dialysis (PD). Peritonitis can lead to significant changes in the peritoneal membrane characteristics, which in turn is a major cause of modality failure. On the other hand, patients receiving hemodialysis (HD) are at risk for infections associated with vascular access, including bloodstream infections, which can be life-threatening. Therefore, both dialysis modalities are associated with different types of serious infections. Because dialysis modality is often a patient's choice when no contraindication exists for one specific modality, a patient should be well informed of the advantages and disadvantages of each modality. The importance of such discussions is even greater for subgroups of patients who are at increased risk for infection (e.g., immunocompromised patients).
Data from the U.S. Renal Data System (USRDS) suggest that HD patients have a higher risk for septicemia but fewer infection-related hospitalizations (IRHs) than PD patients (1) . However, this disparity may be explained by case-mix differences because patients receiving each modality are usually very different. Unfortunately, existing studies on this issue were single-center or limited because of small sample size; therefore they had statistical power concerns (8, 9) . Therefore, how those risks balance between dialysis modalities has not been formally studied in a large dialysis population. It remains unknown whether patients undergoing PD are at higher risk for dialysisand non-dialysis-associated IRH than are HD patients.
The objectives of this study were to describe and compare risk for dialysis-and non-dialysis-associated IRH among incident PD and HD patients using a propensity score-matched cohort.
Materials and Methods

Study Population and Data Sources
We obtained data from the Canadian Organ Replacement Register (CORR) and provincial health services administrative databases. All residents (approximately 8 million) in Quebec, Canada, are covered for medical and hospital services by a universal single-payer health care system (Régie de l'assurance maladie du Québec [RAMQ] ). The RAMQ physician claims databases include all visits, diagnosis codes (International Classification of Diseases, Ninth Revision [ICD-9]), and procedures during inpatient or outpatient encounters. RAMQ also hosts the hospital discharge summary databases, providing admission and discharge dates, primary and secondary diagnoses (coded using ICD-9 or, after 2006, ICD-10), and procedures during the admission. Validation of discharge summary data in Quebec has shown high accuracy for many conditions (10) (11) (12) (13) .
CORR, a national information system for renal and extrarenal replacement therapies, collects longitudinal center and patient data from all dialysis units across Canada. Data elements include demographic characteristics, comorbid conditions, dialysis clinical data, outcome-related data (death and kidney transplant), and facility profiles.
In the study cohort, we included all adult patients who initiated long-term dialysis between January 1, 2001, and December 31, 2007. Data for at least 2 years before the start of dialysis was obtained from CORR and RAMQ. To be included, a patient had to be present in both CORR and RAMQ data sources. Patients were considered for inclusion at the date of initiation of long-term dialysis (index date). For patients who initiated dialysis during a hospitalization, the date of hospital discharge was their index date. We excluded patients who initiated long-term dialysis before January 1, 2001; had less than 90 days of dialysis after index date; or had a prior kidney transplant. The 90-day criterion was used to include only maintenance dialysis patients and to facilitate comparability with existing published studies in this area. Study patients were followed until kidney transplant, death, or end of the study period. Dialysis modality (PD or HD [home and in-center combined]) was attributed at 90 days according to physician claims at that moment and therefore may differ from modality at dialysis initiation.
IRH
We identified all admissions during study follow-up with an infection as primary diagnosis on the discharge sheet according to ICD-9 or ICD-10 (after 2006) codes. IRHs were categorized in eight mutually exclusive categories: abdominal, dialysis-related, genitourinary, musculoskeletal, pneumonia, septicemia, skin, and other infection (see Supplemental Table 1 for specific codes); dialysis-related infections included peritonitis, infections due to vascular device, implant, graft, or peritoneal dialysis catheter. Because it was impossible to determine whether a case of peritonitis was dialysis related or not, all peritonitis episodes were considered dialysis related.
Covariates
Covariates measured at baseline included demographic characteristics (RAMQ), body mass index (BMI; CORR), race (CORR), smoking (CORR), visit to a nephrologist in the 6-12 months before dialysis initiation (RAMQ), and hospitalization in the year prior (RAMQ). Comorbid conditions (listed in Table 1 ) were identified through ICD-9 codes from the RAMQ billing database in the 2 years before the index date. Because CORR also identifies comorbid conditions listed above at dialysis initiation by an indicator variable, we combined both sources to increase sensitivity. All laboratory data were obtained at dialysis initiation (CORR). Creatinine was used to calculate estimated GFR by applying the four-variable Modification of Diet in Renal Disease equation (14) .
Statistical Analyses
Descriptive baseline data are presented using mean 6 SD or median and interquartile range (IQR), as appropriate. Baseline characteristics between PD and HD patients were compared by the t test, Mann-Whitney U test, or chisquared proportion test, as appropriate. Hospitalization rates were calculated by dividing the number of admissions by the total patient-years of follow-up. Because having multiple short hospitalizations may not be worse than having one long hospitalization, we also calculated median length of stay (LOS) and ratio of LOS and total personyear (as a measure of proportion of time hospitalized during follow-up).
Propensity scores were calculated using multivariable logistic regression to estimate probability of receiving PD versus HD. All covariates described previously were included in the propensity score model. Propensity scores were then used to match PD patients to HD patients 1:1 using a greedy nearest-neighbor matching algorithm. Missing data for BMI and laboratory data were imputed using a multiple imputation technique (five imputations).
To evaluate risk for IRH associated with dialysis modality, we conducted two different models: (1) an unadjusted counting-process survival model by Prentice, Williams and Peterson (PWP-CP) using a propensity score-matched cohort, and (2) a multivariate PWP-CP model using the whole cohort sample (15) . Conditional survival models such as PWP-CP are appropriate when a given patient can have multiple events of the same type but the risk for those events changes after a patient experiences an event (15) . For example, during follow-up a patient may be hospitalized twice for an infection-related condition (same type of event) but is probably at higher risk to be hospitalized again after being hospitalized once (15) . First five events were considered in the PWP-CP model. Statistical interaction was tested for selected subgroups (age, sex, BMI, race, cardiovascular disease) by adding a multiplicative term in the model. All analyses were done using SAS software, version 9.2 (SAS Institute, Inc., Cary, NC).
Sensitivity Analyses
Retrospective studies are prone to bias. Therefore, we conducted several sensitivity analyses to explore robustness of our results: (1) We built a fully adjusted model using the matched cohort to control for residual confounding; (2) we conducted models without imputing missing value (complete case analysis); (3) we conducted an analysis in which follow-up was terminated at the first claim for the opposite dialysis modality because patients may switch between dialysis modalities; (4) we conducted a sensitivity analysis in which follow-up was limited to 2 years because rates of IRH may vary by dialysis vintage; (5) we evaluated risk for IRH such that IRHs were identified using all diagnoses (primary and secondary), and not only the primary diagnosis; (6) we combined septicemia and dialysis-related infections as a single category because septicemia may originate from vascular access or peritonitis, among other causes; (7) we redid the analyses by starting follow-up at 90 days after dialysis initiation because rates of infections in the first 3 months may be very different because of temporary catheter use; and (8) we repeated all analyses using a Cox regression model limited to the first IRH.
Ethical Considerations
This study was approved by the Government of Quebec ethics committee (Commission d'accès à l'information) and Maisonneuve-Rosemont Hospital ethics committee, and informed consent was waived.
Results
The whole cohort included 5858 patients (925 PD and 4933 HD patients) who were followed for a median of 2.0 years (IQR, 1.0-3.4 years). Derivation of the cohort is detailed in Figure 1 . We were able to match by propensity scores 910 pairs of patients, who were followed for a median time of 2.1 years (IQR, 1.1-3.5). Baseline characteristics for the whole and propensity score-matched cohorts are detailed in Table 1 . As expected, baseline characteristics were well balanced between PD and HD patients in the matched cohort.
For the whole sample, we identified 2906 IRHs (2267 among HD patients and 639 among PD patients) during the study period. Among the matched cohort, 341 patients were hospitalized once for an infection, 123 twice, and 106 at least three times. Rates of hospitalization for the matched cohort are given in Table 2 . The proportions of all hospitalizations that were related to infection were 12% for HD, and 21% for PD. Propensity-matched IRH rates were almost twice as high for PD than for HD (0.29 versus 0.17/person-year). This disparity appeared to be mainly explained by dialysis-related and abdominal infections. On the other hand, cardiovascular and other hospitalization rates were similar between both modalities.
Median LOS of IRH was similar between HD and PD ( Table 2 ), suggesting that the higher IRH rate did not consist of shorter hospitalizations. However, LOS for septicemia, dialysis-related infections, and musculoskeletal infections appeared shorter for PD patients, suggesting that those infections were more severe among HD patients.
According to the main model using the matched cohort, PD was associated with an increased risk for IRH compared with HD (unadjusted hazard ratio [HR], 1.52; 95% confidence interval [CI], 1.34-1.74). As shown in Figure 2 , this increased IRH risk associated with PD was constant across most subgroups (age, sex, race, cardiovascular disease, and year of dialysis initiation), and interaction terms were not significant. IRH risk associated with PD appeared to increase with BMI (P for interaction = 0.04). When the whole sample was used, results were similar ( Table 3) . Adjustment for potential confounders increased the risk estimate from 1.38 (95% CI, 1.26-1.51) to 1.52 (95% CI, 1.38-1.68).
According to the model using the whole sample, other factors associated with an increased risk for IRH were chronic pulmonary disease, diabetes, peripheral vascular disease, and higher phosphorus level (Table 3) .
Risk for different subtypes of IRH and other types of hospitalizations are given in Table 4 . With use of the propensity-matched cohort, PD was associated with an increased risk for dialysis-related hospitalizations (HR, 3.44; 95% CI, 2.72-4.34) and a reduced risk for septicemia (HR, 0.31; 95% CI, 0.18-0.52) and pneumonia (HR, 0.58; 95% CI, 0.37-0.94). When septicemia and dialysis-related infections were combined, PD remained associated with a higher risk (HR, 2.19; 95% CI, 1.82-2.64). PD patients had similar risks for all-cause hospitalization (HR, 1.04; 95% CI, 0.98-1.10) and cardiovascular hospitalization (HR, 0.99; 95% CI, 0.89-1.11) compared with HD.
Fully adjusting the matched cohort model led to results almost identical to those seen with the unadjusted model (HR, 1.57; 95% CI, 1.37-1.80). For the adjusted model using the whole sample, the HR for IRH associated with PD was similar without imputation (1.60; 95% CI, 1.43-1.78). Limiting follow-up to a first claim for the opposite dialysis modality (HR, 1.69; 95% CI, 1.46-1.96) or to 2 years in the matched cohort (HR, 1.55; 95% CI, 1.32-1.81) yielded results very similar to those derived from using total follow-up. Excluding the first 90 days after dialysis initiation also produced similar results (HR, 1.58; 95% CI, 1.37-1.81). Using both primary and secondary diagnoses to identify infections led to a slightly lower risk (HR, 1.25; 95% CI, 1.14-1.36). Restricting the analysis to the first IRH using a Cox regression model gave similar results: HR of 1.59 for the whole sample adjusted (95% CI, 1.38-1.85) and 1.69 for the matched cohort unadjusted (95% CI, 1.43-2.00).
Discussion
This retrospective study compared the risk for IRH between PD and HD incident patients after matching for numerous comorbid conditions and laboratory data and using recurrent hospitalizations. We found a 52% increased risk for overall IRH among PD patients compared with HD patients. The increased risk appeared to be mostly explained by a higher risk for dialysis-related hospitalizations, including those for peritonitis.
Using USRDS data, one study found a cumulative incidence of septicemia-related admission at 7 years of 11.7% in HD patients and 9.4% in PD patients (16) . According to USRDS annual report, PD patients have a greater adjusted (age, sex, race, and primary diagnosis) rate of infection-related hospitalization than HD patients (1). However, this difference may be explained by different LOS, length of stay; IQR, interquartile range; LOS/follow-up, ratio of total length-of-stay and total follow-up. Hemodialysis is the reference group. Calendar years are years of dialysis initiation. The x-axis is on a logarithmic scale where 1 represents no effect. Error bars represent 95% confidence intervals. BMI, body mass index in kg/m 2 ; CVD, cardiovascular disease; HD, hemodialysis; HR, hazard ratio; IRH, infection-related hospitalization.
distribution of other baseline characteristics of these two groups. With use of the same data but matching HD patients to PD patients, rates of infection-related hospitalizations remained higher among PD patients, but differences were smaller (1). According to USRDS unadjusted rates, abdominal infections were the only major organ site where PD had higher rates than HD (1) .
In a small single-center study, PD patients had higher risk for peritonitis and other serious infections but lower risk for bacteremia, cellulitis, and pneumonia compared with HD patients (8) . However, PD was not associated with an overall increased rate of admissions for infections in multivariate models, in part because of the lack of statistical power (8) . A recent Canadian study showed no effect of dialysis modality on IRH risk, but the sample size was very small (9) . The fact that our results showed a higher risk than previously reported may be explained by improved control of confounding and by a different dialysis population. Inclusion of the first 90 days after dialysis initiation may also be a factor, but sensitivity analysis excluding that period produced similar results.
All-cause hospitalization risk was not associated with PD. This suggests that the higher risk for IRH is partly compensated by a reduced risk for other causes of hospitalization.
Pathogenesis of infection in the HD population has been summarized recently (17, 18) . Few studies are aimed at determining the risk factors for IRH. Some reported risk factors are age (6, 8, 16) , diabetes (2, 6, 8, 16, 19) , serum albumin level (2, 6, 8, 16) , temporary catheters (16), arteriovenous grafts (16), black race (8, 16) , no insurance (16), decreased hematocrit levels (20) , higher use of erythropoietin (20) , high comorbidity score (2), smoking (21) , pulmonary disease (6) , and corticosteroid use (21) . We found an increased risk only with diabetes. We did not find an increased risk with smoking, but the effect may be captured by chronic pulmonary disease. In our study, low serum albumin tended to be associated with an increased risk, but this finding was not statistically significant. Increased risk for IRH with peripheral vascular disease is probably explained by limb and foot infections. Although BMI had no effect on the overall IRH risk, the risk associated with PD tended to be higher among patients with higher BMI. Higher BMI has been reported as a risk factor for peritonitis among PD patients (22) .
Despite improved connection of the PD catheter to the solution bags, resulting in a decline in admissions for peritonitis in the last decade among PD patients, overall IRH rates increased during the same period (1). Although not as strong as in-hospital mortality, LOS may be considered a marker of hospitalization severity. Except for septicemia, dialysis-related infections, and musculoskeletal infections, LOS for other causes of IRH was similar between HD and PD. A recent study showed a higher risk for death from infection among PD patients compared with HD patients after 6 months of treatment (23) . IRH was also reported as increasing short-term risk for a cardiovascular event in older patients undergoing dialysis (24) . Our study has several strengths. First, we used linked data sets that allow matching a large cohort of HD patients to PD patients using considerably more covariates than noted in previous reports, thereby reducing confounding and improving statistical power. Second, we used recurrent hospitalizations. Third, we were able to follow patients in their first 90 days after dialysis initiation. This period, which probably presents high risk, is often excluded from other studies because hospitalizations are not covered in other data sets. Finally, a universal healthcare setting allowed inclusion of all age groups and nearly eliminated selection bias.
Our study does have some limitations. First, dialysis modality was captured early after dialysis initiation and may have changed during follow-up, leading to misclassification. However, limiting follow-up at modality switch showed similar results. Cause of hospitalization was categorized using ICD codes, which are not as reliable as chart reviews. Because of inclusion of patients from a whole province, chart reviews were not feasible. However, misclassification of outcomes is expected to be nondifferential and therefore should affect only rates but not comparison between dialysis modalities. Septicemia included bacteremia; therefore, some septicemia cases were probably related to vascular access. Unfortunately, type of vascular access was not available in our data. However, PD was still associated with a higher risk when septicemia and dialysisrelated infections were combined. Because we evaluated only IRH, we do not know how dialysis modalities compare with regard to risk for infections not necessitating hospitalizations. Because hospitalization is a marker of disease severity, we believe we identified the most clinically important events. Despite numerous covariates, residual confounding cannot be excluded. Because indication or patient preference for PD may vary by geographic regions, our population of PD patients may be different from those in other regions. However, we believe that the relatively young population with a high prevalence of diabetes described in Table 1 is representative of the North American PD population as described in USRDS and previous studies (1, 8, 9) . Finally, by excluding patients with less than 90 days of follow-up, our results may not apply to patients undergoing long-term dialysis who were rapidly transplanted or died in the first 90 days of dialysis.
We have shown that PD patients are at higher risk for IRH than HD patients. This risk is mostly explained by dialysis-related infections. However, further studies are needed to evaluate whether severity of those hospitalizations is similar and whether this increased risk for IRH is associated with worse outcomes.
